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(57) ABSTRACT

The ventilating air-conditioning system includes an air sup-
ply fan; an exhaust fan; a compressor; a first heat exchanger
heat-exchanging between outdoor air sent from the air supply
fan and a refrigerant; an expansion mechanism; a second heat
exchanger heat-exchanging between air 1n a sanitary space
sent by the exhaust fan and a refrigerant; and a refrigerant
circuit piped so that a refrigerant circulates in order of the
compressor, first heat exchanger, expansion mechanism, and
second heat exchanger, or 1n order of the compressor, second
heat exchanger, expansion mechanism, and first heat
exchanger. The system heats or cools an indoor space while
ventilating a sanitary space by transierring heat between the
first heat exchanger and second heat exchanger through a
refrigerant.
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AIR CONDITIONING/VENTILATING
SYSTEM

TECHNICAL FIELD

[0001] The present mvention relates to a ventilating air-
conditioning system using a heat pump to ventilate and to
air-condition a sanitary space such as a bathroom.

BACKGROUND ART

[0002] With a conventional ventilating air-conditioning
system such as for a bathroom using a heat pump, one heat
exchanger of the heat pump discharges or absorbs heat to or
from air ntroduced from an indoor space other than the
bathroom. With some systems, the air 1s blown out into the
bathroom, and at the same time the other heat exchanger of
the heat pump discharges or absorbs heat to or from air
discharged from the bathroom to the outdoors to air-condition
the bathroom during ventilation (refer to patent literature 1,
for instance).
[0003] With other systems, the heat pump 1s separated into
outdoor and indoor units, and a heat exchanger placed 1n the
outdoor unit discharges or absorbs heat to or from outdoor air.
A heat exchanger placed 1n the mndoor umt discharges or
absorbs heat to or from air in the bathroom to air-condition the
bathroom, and a ventilating blower placed 1n the indoor unit
ventilates the bathroom (refer to patent literature 2, for
instance).
[0004] With yet other systems, an indoor heat pump unit
separated from the outdoor umit 1s provided with a sensible
heat exchange ventilation element, which sensibly heat-ex-
changes during ventilation (refer to patent literature 3, for
instance).
[0005] As described above, various types ol ventilating
air-conditioning systems are devised such as for a bathroom
using a heat pump. The bathroom air-conditioning system
exemplified in patent literature 1 recovers heat from air dis-
charged from the bathroom to the outdoors during ventilation
to condition air 1n an indoor space other than the bathroom
and to supply the air into the bathroom. In this case, outdoor
air flows into the indoor space other than the bathroom to
cause the following problems. That 1s, comifort 1s impaired
due to such as draft feeling; mold grows due to condensation
near a natural air inlet; and a wall surface becomes dirty due
to dust 1n outdoor air.
[0006] [Patent literature 1] Japanese Patent Unexamined
Publication No. 2005-180712
[0007] [Patent literature 2] Japanese Patent Unexamined
Publication No. 2002-349930

[0008] [Patent literature 3] Japanese Patent Unexamined
Publication No. H09-53840

SUMMARY OF THE INVENTION

[0009] A ventilating air-conditioning system of the present
invention includes an air supply fan that draws 1n outdoor air
through an air inlet open to the outdoors and blows out the
outdoor air through an air outlet open to an indoor space; an
exhaust fan that draws in air 1n a sanitary space through an
inlet open to the sanitary space and blows out the air 1n the
sanitary space through an air outlet open to the outdoors; a
compressor that compresses a refrigerant; a {first heat
exchanger that heat-exchanges between outdoor air sent by
the air supply fan and the refrigerant; an expansion mecha-
nism that expands the refrigerant; a second heat exchanger
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that heat-exchanges between air 1n the sanitary space sent by
the exhaust fan and the refrigerant; and a refrigerant circuit
piped so that the refrigerant circulates in order of the com-
pressor, first heat exchanger, expansion mechanism, and sec-
ond heat exchanger, or in order of the compressor, second
heat exchanger, expansion mechanism, and first heat
exchanger. The system transfers heat between the first and
second heat exchangers through the refrigerant to heat or cool
the indoor space while ventilating the sanitary space.

[0010] Such a ventilating air-conditioning system prevents
outdoor air not conditioned from flowing into an indoor
space, thereby improving comiort, preventing mold from
growing due to condensation near a natural air inlet, and
preventing a wall surface from becoming dirty due to dust in
outdoor atr.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 1s a sketch of an indoor space where a venti-
lating air-conditioning system according to an embodiment
of the present invention 1s placed.

[0012] FIG. 2 1s a configuration diagram of the air path of
the ventilating air-conditioning system.

[0013] FIG. 3 1s a diagram of the refrigerant circuit of the
ventilating air-conditioning system.

[0014] FIG. 4 15 a working diagram of the ventilating air-
conditioning system.

[0015] FIG. 3 1s an outline block diagram of the refrigerant
heater of the ventilating air-conditioning system.

[0016] FIG. 61s an outline sectional view of the refrigerant-
water heat exchanger of the ventilating air-conditioning sys-
tem.

REFERENCE MARKS IN THE DRAWINGS

[0017] 1 Indoor space

[0018] 3 Bathroom

[0019] 4 Washroom

[0020] 5 Toilet

[0021] 6 Sanitary space

[0022] 7 Main body

[0023] 8 Exhaust outlet

[0024] 10 Air supply nlet

[0025] 12 Air outlet

[0026] 14 Exhaust fan

[0027] 16 Air inlet

[0028] 17 Air supply fan

[0029] 18 Air-conditioner

[0030] 20 Exhaust air path

[0031] 23 Supply air path

[0032] 26 First heat exchanger
[0033] 27 Auxiliary heater

[0034] 28 Preheater

[0035] 29 Second heat exchanger
[0036] 31 Air path changing/adjusting unit
[0037] 32 Air supply bypass

[0038] 33 Exhaust bypass

[0039] 34 Dehumidification changer
[0040] 35 Drain unit

[0041] 36 Drain pump

[0042] 38 Heat insulator

[0043] 39 Relrigerant circuit

[0044] 40 Compressor

[0045] 41 Expansion mechanism
[0046] 42 Flow path changing valve
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[0047] 43 First bypass circuit
[0048] 44 Second bypass circuit
[0049] 45 First open/close valve
[0050] 46 Second open/close valve
[0051] 47 Reirigerant heater unit
[0052] 48 Open/close mechanism
[0053] 49 Capillary tube
[0054] 51, 52 Coil temperature sensor
[0055] 59 Refrigerant heater
[0056] 66 Relrigerant-water heat exchanger
[0057] 67 Water heater
HFERRED

DETAILED DESCRIPTION OF PR
EMBODIMENT

[0058] Hereiafter, a description 1s made of an embodiment
of the present invention with reference to the related draw-
ngs.

Exemplary Embodiment

[0059] FIG. 1 1s a sketch of an indoor space where a venti-
lating air-conditioning system according to an embodiment
ol the present invention 1s placed. Indoor space 1 1s parti-
tioned 1nto living room 2; and sanitary space 6 such as bath-
room 3, washroom 4, and toilet 5. The roof space of bathroom
3 1s provided therein with main body 7 of the ventilating
air-conditioning system.

[0060] Main body 7 1s connected to exhaust duct9 commu-
nicating between main body 7 and exhaust outlet 8 open to the
outdoors; air supply duct 11 communicating between main
body 7 and air supply inlet 10 open to the outdoors; and air
outlet duct 13 communicating between main body 7 and air
outlet 12 open to the ceiling of living room 2.

[0061] FIG. 2 1s a configuration diagram of the air path of
the ventilating air-conditioning system of the present inven-
tion. Main body 7 has exhaust fan 14 disposed therein, and
exhaust fan 14 1s provided with exhaust connection unit 19
connecting exhaust duct 9 at the air outlet side of exhaust fan
14. Main body 7 has exhaust air path 20 formed therein
communicating between exhaust connection unit 19 and air
inlet 16 of grill 15 placed 1n the celling surface of bathroom 3.
Hence, operating exhaust fan 14 causes air 1n bathroom 3 to
be drawn 1nto exhaust fan 14 through air inlet 16 and to be
discharged to the outdoors through exhaust duct 9.

[0062] Main body 7 has air supply fan 17 disposed therein,
and air supply fan 17 has air supply connection unit 21 con-
necting air supply duct 11 provided at the inlet side of air
supply fan 17. Air supply fan 17 has air outlet connection unit
22 connecting air outlet duct 13 provided at the air outlet side
of air supply fan 17, and main body 7 has supply air path 23
communicating between air supply connection unit 21 and air
outlet connection unit 22 formed 1nside main body 7. Hence,
operating air supply fan 17 causes outdoor air to be drawn 1nto
air supply fan 17 through air supply duct 11 and to be blown
out to living room 2 through air outlet duct 13.

[0063] Then, continuously operating exhaust fan 14 and air
supply Tan 17 causes fresh outdoor air to be supplied into
living room 2, and the outdoor air flows into bathroom 3
through louvers or an undercut of the door to bathroom 3.
Then, vapor and smell in bathroom 3 are drawn through air
inlet 16 of grill 15 and discharged to the outdoors.

[0064] The air supply and exhaust operation needs to be
continuously performed for a building with high hermeticity
(24-hour ventilation). Exhaust fan 14 and air supply fan 17 are
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continuously operated so that a predetermined amount (e.g.
approximately a half volume of indoor space 1 per hour) of air
supply and exhaust 1s secured. Living room 2 has air-condi-
tioner 18 placed therein for controlling the room temperature,
which appropriately maintains the temperature of the room
through cooling operation 1n summer or heating operation in
winter. Hence as described above, with year-round continu-
ous ventilating operation, low-temperature air cooled by air-
conditioner 18 in living room 2 i1s drawn into air inlet 16
through louvers or an undercut of the door to bathroom 3 1n
summer; and high-temperature air heated, in winter. Then, the
cooled or heated air 1s discharged to the outdoors through
main body 7 of the ventilating air-conditioning system.
[0065] The bottom of main body 7 of the ventilating air-
conditioning system has air inlet 16 therein of grill 15 open to
the celling surface of bathroom 3, and air mlet 16 has an
indoor {filter (not shown) detachably disposed thereon for
collecting dust.

[0066] The inside of supply air path 23 1s provided at 1ts
upstream side from air supply fan 17 with supply air open/
close device 24 openming and closing supply air path 23 (the
degree of opening 1s adjustable); detachable outdoor filter 25
for collecting outdoor dust; and first heat exchanger 26 heat-
exchanging mainly between outdoor air and a refrigerant, 1n
order starting from air supply connection unit 21. At the
downstream side from air supply fan 17, auxiliary heater 27
heating at least part of outdoor air sent by air supply fan 17 1s
provided.

[0067] The inside of exhaust air path 20 1s provided at 1ts
upstream side from exhaust fan 14 with preheater 28 preheat-
ing air drawn from bathroom 3; and second heat exchanger 29
heat-exchanging mainly between the drawn air and the refrig-
erant, 1n order starting from air inlet 16. At the downstream
side from exhaust fan 14, exhaust open/close device 30 open-
ing and closing exhaust air path 20 (the degree of opening 1s
adjustable) 1s provided.

[0068] Supply air path 23 1s provided therein with air path
changing/adjusting unit 31 communicating or blocking
between the upstream side of first heat exchanger 26 and the
upstream side of second heat exchanger 29 1n exhaust air path
20, or adjusting the amount of communication.

[0069] Supply air path 23 1s provided therein with air sup-
ply bypass 32 blowing part of the outdoor air into living room
2 not through first heat exchanger 26. Exhaust air path 20 1s
provided therein with exhaust bypass 33 discharging part of
the bathroom air to the outdoors not through second heat
exchange 29.

[0070] Exhaust air path 20 1s provided therein with dehu-
midification changer 34 communicating or blocking between
the downstream side from second heat exchanger 29 and the
upstream side from first heat exchanger 26 1n supply air path
23, or adjusting the amount of communication.

[0071] Supply air path 23 and exhaust air path 20 are pro-
vided on their bottoms with drain unit 35 inclined at its
bottom, for draining or vaporizing a large amount of dew
condensation water generated 1n the first and second heat
exchangers after the water 1s temporarily stored. Drain unit 35
1s provided at 1ts deepest part with drain pump 36 for draining
water stored 1n drain unit 35, thereby allowing the water to be
drained to a position higher than main body 7 through drain
piping 37.

[0072] The outer shell of main body 7 including supply air
path 23 and exhaust air path 20 1s heat-insulated with heat
insulator 38 stuck to the outer shell.
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[0073] FIG. 3 1s a diagram of the refrigerant circuit of the
ventilating air-conditioning system according to the embodi-
ment of the present immvention. Main body 7 1s provided
therein with refrigerant circuit 39 filled with a refrigerant
such as any one of an HCFC refrigerant (contains atoms of
chlorine, hydrogen, fluorine, and carbon in molecules); an
HFC refrnigerant (contains atoms ol hydrogen, carbon, and
fluorine 1n molecules); and a natural refrigerant (e.g. hydro-
carbon, carbon dioxide). Refrigerant circuit 39 includes com-
pressor 40 compressing a refrigerant; first heat exchanger 26;
expansion mechanism 41 composed of an electronic expan-
sion valve expanding the refrnigerant; and second heat
exchanger 29.

[0074] Relrigerant circuit 39 includes a path (heating cycle,
hereinafter) through which a refrigerant compressed by com-

pressor 40 passes 1n order of first heat exchanger 26, expan-
sion mechanism 41, and second heat exchanger 29, and then

returns to compressor 40. Refrigerant circuit 39 includes a
path (cooling cycle, heremaftter) through which a refrigerant
compressed by compressor 40 passes 1n order of second heat
exchanger 29, expansion mechanism 41, first heat exchanger
26, and then returns to compressor 40. Further, refrigerant
circuit 39 1s provided with flow path changing valve 42
changing between the heating cycle and cooling cycle.

[0075] Reirigerant circuit 39 1s provided with first bypass
circuit 43 split from the piping connecting tlow path changing
valve 42 to first heat exchanger 26, and joining the piping
connecting expansion mechanism 41 to second heat
exchanger 29. Refrigerant circuit 39 1s provided with second
bypass circuit 44 split from the piping connecting first heat
exchanger 26 to tlow path changing valve 42, and joining the
piping connecting second heat exchanger 29 to flow path

changing valve 42. First bypass circuit 43 1s provided with
first open/close valve 45 opening and closing first bypass
circuit 43, and second bypass circuit 44 1s provided with
second open/close valve 46 opening and closing second
bypass circuit 44 and reifrigerant heater umt 47 heating a
refrigerant. For refrigerant heater unit 47, refrigerant heater
59 shown 1n FIG. § and refrigerant-water heat exchanger 66
shown 1n FIG. 6 can be used.

[0076] First heat exchanger 26 1s placed 1n supply air path
23; second heat exchanger 29, 1n exhaust air path 20. Hence,
the refrigerant discharges or absorbs heat mainly to or from
outdoor air sent by air supply fan 17, 1n first heat exchanger
26; mainly to or from air discharged from bathroom 3 to the
outdoors by exhaust fan 14, in second heat exchanger 29.

[0077] The piping through which a refrigerant in first heat
exchanger 26 flows 1s equipped with decompression unit 50
composed of open/close mechanism 48 and capillary tube 49.
When flow path changing valve 42 changes the flow direction
of the refrigerant to the heating cycle shown by the solid line,
outdoor air sent by air supply fan 17 heat-exchanges with a
reirigerant tlowing through first heat exchanger 26 at the
downstream side from decompression unit 50. After that, the
outdoor air heat-exchanges with a refrigerant tlowing at the
upstream side from decompression unit 30.

[0078] Further, the inside of exhaust air path 20 1s provided
at 1ts upstream side from second heat exchanger 29 with
preheater 28 having self temperature controllability. Activat-
ing preheater 28 causes air drawn from bathroom 3 into
exhaust air path 20 to be heated and to be supplied to second
heat exchanger 29.
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[0079] First heat exchanger 26 and second heat exchanger
29 are provided at their expansion mechanism 41 side with
coll temperature sensors 51, 52 detecting the temperature of a
refrigerant.

[0080] In this way, the ventilating air-conditioning system
according to the embodiment of the present invention thus
transiers heat through a refrigerant between first heat
exchanger 26 and second heat exchanger 29, and heats or
cools indoor space 1 while ventilating sanitary space 6 such as
bathroom 3.

[0081] FIG. 4 1s a working diagram of the ventilating air-
conditioning system according to the embodiment of the
present invention. Hanging hook 54 of main body 7 1s hung on
bolt 53 placed at the roof space to suspend main body 7 so as
not to contact the ceiling surface. With the ventilating air-
conditioning system of FIG. 4, air drawn from bathroom 3 1s
assumed to be conveyed into main body 7 through 1nlet duct
55, which 1s different from the configuration of FIG. 2.
[0082] Main body 7 1s connected to air outlet duct 13, air
supply duct 11, and exhaust duct 9 for conveying air, and 1s
connected to drain piping 37 for draiming dew condensation
water and power line 56 for supplying electric power.
[0083] Further, main body 7 1s provided therein with refrig-
erant circuit 39 sequentially linking at least compressor 40,
flow path changing valve 42, first heat exchanger 26, expan-
sion mechanism 41, and second heat exchanger 29. Compres-
sor 40 has two rotors and 1s placed 1n a horizontal position to
reduce vibration of main body 7 and to decrease the height of
main body 7.

[0084] Main body 7 includes vibration isolator 37 to further
absorb vibration of compressor 40, and bolt 53 includes
vibration 1solator 58 to suppress vibration propagating to the
frame of main body 7.

[0085] FIG. 5 1s an outline block diagram of the refrigerant
heater of the ventilating air-conditioning system according to
the embodiment of the present invention. Refrigerant heater
59 1s composed of refrigerant pipe line 60 made of refrigerant
piping coiled for conducting a refrigerant; electrothermal
tube 61 placed 1n a U-shaped form at the inner circumierential
side of coiled refrigerant pipe line 60; and heat transfer cyl-
inder 65 formed 1n a solid cylinder-shaped form by casting a
metallic material (e.g. aluminum) so as to cover all the surface
except mlet 62 and outlet 63 of refrigerant pipe line 60; and
terminals 64 of electrothermal tube 61.

[0086] When a predetermined voltage 1s applied between
terminals 64 of electrothermal tube 61, electrothermal tube 61
generates heat, which then transfers through the inside of heat
transier cylinder 65 to heat refrigerant pipe line 60 disposed
on the outer circumierence of electrothermal tube 61. The
refrigerant 1s introduced 1nto refrigerant pipe line 60 through
inlet 62. In the process of the refrigerant flowing through the
colled part of refrigerant pipe line 60 where 1ts outer circum-
ference 1s covered with heat transter cylinder 65, the refrig-
erant 1s heated through heat transter cylinder 65, and then led
to outlet 63. Electrothermal tube 61 placed at the core of heat
transfer cylinder 65 generates heat toward refrigerant pipe
line 60 placed 1n the outer circumiferential direction of heat
transter cylinder 65, and thus a small amount of heat leaks
outside. Heat generated by electrothermal tube 61 transfers
through heat transter cylinder 65 to uniformly heat refrigerant
pipe line 60, thereby improving the heating efficiency and
downsizing refrigerant heater unit 47.

[0087] FIG. 61s an outline sectional view of the refrigerant-
water heat exchanger of the ventilating air-conditioning sys-
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tem according to the embodiment of the present mvention.
Relrigerant-water heat exchanger 66 has a dual-pipe struc-
ture, with refrigerant pipe line 69 (through which a refrigerant
flows) disposed inside hot-water pipe line 68 (through which
hot water from water heater 67 flows). Refrigerant pipe line
69 1s split into two parts inside hot-water pipe line 68, and
formed 1n a twisted manner (split refrigerant pipe line 69 is
helically twisted), thereby increasing the heat transfer area to
improve the heat exchange elliciency.

[0088] Next, the hot water that has flown from hot-water
tlow-1n part 70 of hot-water pipe line 68 1nto refrigerant-water
heat exchanger 66 tlows through the outer circumierence of
refrigerant pipe line 69; tlows out from hot-water flow-out
part 71 outside refrigerant-water heat exchanger 66; and then
drops 1nto drain unit 35 underneath hot-water tlow-out part
71. Drain unit 35 doubles as a drain tray for dew condensation
water generated at first heat exchanger 26 and second heat
exchanger 29. The hot water that has dropped 1nto drain unit
35 1s drained together with drain water outside main body 7
through drain piping 37 by drain pump 36. In this way, hot
water that has heat-exchanged with the refrigerant 1s drained
through drain unit 35.

[0089] Meanwhile, the refrigerant that has flown into
reirigerant-water heat exchanger 66 from refrigerant flow-in
part 74 of refrigerant pipe line 69 faces the flow of hot water
to split into twisted tube 75. Here, the refrigerant 1s heated by
heat exchange with the hot water and flows out through refrig-
erant flow-out part 76. The hot water used for heating the
refrigerant may be heated by whichever type of water heater:
combustion or heat pump. A heat pump water heater, using
atmospheric heat, further improves the heating efliciency of
refrigerant heater unit 47 and lowers the running cost.

[0090] Stll, with a structure that returns water discharged
from hot-water flow-out part 71 to water heater 67, hot-water
pipe line 68 can be supplied with circulating water for heat-
ing, not with hot water heated by water heater 67.

[0091] Instead, hot-water pipe line 68 may be supplied with
normal-temperature feed water directly, not with high-tem-
perature water heated by a water heater. In this case, with tlow
path changing valve 42 changed to the cooling cycle and
second open/close valve 46 set to the open state, refrigerant
circuit 39 1s supplied with a high-temperature, high-pressure
refrigerant compressed by compressor 40, which enables the
refrigerant to be cooled 1n a process of heat exchange with
normal-temperature water such as tap water. In this way,
refrigerant-water heat exchanger 66 may be supplied with
normal-temperature water to be made heat-exchange with the
refrigerant.

[0092] Next, a description 1s made of operation of the ven-
tilating air-conditioning system. Tables 1, 2 list operating
states 1n each operation pattern.

[0093] [Table 1
[0094] [Table 2
[0095] The lists of tables 1, 2 describe each operation pat-

tern of the ventilating air-conditioning system in sequence
column-wise, and operating states of main components 1n
cach operation pattern are described row-wise. As shown 1n
the lists, this ventilating air-conditioning system can execute
10 different operation patterns: heat-exchanging ventilation
operation, air supply/exhaust operation, air supply operation,
exhaust operation, dehumidification operation, heating
operation, cooling operation, heat-exchanging ventilation
operation while slightly dehumidifying, heat-exchanging
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ventilation operation while slightly heating, and heat-ex-
changing ventilation operation while slightly cooling.

[0096] The heat-exchanging ventilation operation 1s an
operation pattern in which, while rapidly discharging smell
and moisture in sanitary space 6, heat of air conditioned by
such as air-conditioner 18 when outdoor fresh air 1s supplied
into indoor space 1 1s recovered mto a refrigerant when
exhausting; air supplied from the outdoors 1s heated by the
refrigerant; and the air 1s supplied with 1ts temperature and
humidity brought to those of conditioned air 1n 1ndoor space
1. In this operation, exhaust fan 14 1s set to “strong notch”
(capable of rapid exhaust); air path changing/adjusting unit
31 1s setto the air supply/exhaust position (exhaust air path 20
and supply air path 23 are secured, shown 1n the figure); and
air supply fan 17 1s set to “strong notch™ (capable of supplying
air of the same amount as exhaust).

[0097] Aiar supply bypass 32, exhaust bypass 33, and dehu-
midification changer 34 are all set to the closed state; auxil-
1ary heater 27 and preheater 28, to the stop state; and air
supply open/close device 24 and exhaust open/close device
30, to the open state.

[0098] In refrigerant circuit 39, compressor 40 1s operated
at the lowest frequency (extremely low power consumption);
flow path changing valve 42 1s retained in the heating state 1n
winter and in the cooling state in summer, according to the
difference between outdoor and indoor temperatures, for
instance; and expansion mechamsm 41 1s adjusted to an
appropriate degree of opening for an optimum refrigeration
cycle when needed. Open/close mechanism 48 1s set to the
open state, and thus the refrigerant does not pass through
capillary tube 49. Relrigerant heater unit 47 is set to the stop
state; and first open/close valve 45 and second open/close
valve 46, to the closed state.

[0099] In winter 1n this state, for instance, exhaust fan 14 1s
operated at “strong notch”. A large volume of air warmed by
air-conditioner 18 1n indoor space 1 passes through a hallway
and/or the undercut of a door and travels through exhaust air
path 20 from air inlet 16 of grill 15 placed 1n the ceiling
together with air containing smell and moisture in sanitary
space 6. Fin-tube-type second heat exchanger 29 that has
been changed to a ““vaporizer” by tlow path changing valve 42
exhausts air with 1ts heat absorbed 1nto the refrigerant to the
outdoors through exhaust open/close device 30, exhaust con-
nection unit 19, exhaust duct 9, and exhaust outlet 8. Then,
operating air supply fan 17 at “strong notch™ makes a large
volume of outdoor, cold, fresh air be drawn into supply nlet
10 and pass through air supply duct 11, air supply connection
unmit 21 of main body 7, air supply open/close device 24,
outdoor filter 25, and supply air path 23. In first heat
exchanger 26 that has been changed to a “condenser” as a
result that the heating state 1s retained by tlow path changing
valve 42, arefrigerant compressed and conveyed by compres-
sor 40 discharges heat into cold air from the outdoors 1nclud-
ing heat absorbed from air in second heat exchanger 29 (i.e.
“vaporizer”). Consequently, cold air from the outdoors,
becoming warm, 1s blown out from air outlet 12 to living room
2 through air outlet connection unit 22 and air outlet duct 13.

[0100] Thereingerant 1s changed to a gas of relatively low
pressure and temperature by compressor 40 operated at the
lowest frequency; discharged 1n a small circulation amount;
and enters first heat exchanger 26 through flow path changing
valve 42. With open/close mechanism 48 1n the open state, the
refrigerant discharges heat into a large volume of air {from the
outdoors at the entire first heat exchanger 26 to decrease 1ts
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temperature, becoming a low-temperature liquid. Further, the
reirigerant 1s decompressed by expansion mechanism 41 to
enter a two-phase state with low pressure and low tempera-
ture; absorbs heat from a large volume of air in indoor space
1 at second heat exchanger 29, becoming a low-pressure,
low-temperature gas; and then returns to compressor 40.
[0101] Moisture 1n sanitary space 6 condenses mnto dew
condensation water on the fins of second heat exchanger 29
(1.e. “vaporizer’) and flows down to drain unit 35. The accu-
mulated dew condensation water 1s drained through drain
piping 37 to such as the outdoors and a catch basin by opera-
tion of drain pump 36. Alternatively, the dew condensation
water 1s sprayed onto first heat exchanger 26 (1.e. “con-
denser”), and vaporized and exhausted when air in sanitary
space 6 1s heat-exchanged.

[0102] Meanwhile, the insulation effect of heat insulator 38
around main body 7 prevents condensation and performance
deterioration.

[0103] In summer, a large volume of air cooled by air-
conditioner 18 1n indoor space 1 enters main body 7 together
with air containing smell and moisture 1n sanitary space 6;
absorbs heat from the refrigerant at second heat exchanger 29
that has been changed to a “condenser” by flow path changing
valve 42; and then discharged to the outdoors. Then, a large
volume of outdoor, hot, fresh air enters main body 7; dis-
charges heat to the refrigerant at first heat exchanger 26 that
has been changed to a “vaporizer” as a result that the cooling
state 1s retained by tlow path changing valve 42; and 1s cooled
and blown out mto living room 2.

[0104] Inthisway, asaresultthat compressor 40 1s operated
at the lowest frequency, the refrigerant circulates to first heat
exchanger 26 and second heat exchanger 29 with low power
consumption; as a result that exhaust fan 14 and air supply fan
17 are operated at “‘strong notch”, a large volume of air 1s
exhausted and supplied, which results 1n the heat-exchanging
ventilation operation in which the heat of exhaust from indoor
space 1 1s recovered and discharged into the supplied air.

[0105] Next, adescriptionis made of operation when the air
supply/exhaust operation 1s performed. The operation 1s an
operation pattern in which a ventilating air volume regulated
by the Building Standards Law 1s secured for 24 hours and
indoor space 1 1s supplied with air while sanitary space 6 1s
exhausted. When the air supply/exhaust operation 1s per-
formed, exhaust fan 14 1s set to “weak notch” (low power
consumption); air path changing/adjusting unit 31, to the air
supply/exhaust position (exhaust air path 20 and supply air
path 23 are secured, shown in the figure); and air supply fan
17, to “strong notch” (capable of supplying air of the same
amount as exhaust).

[0106] Aiar supply bypass 32 and exhaust bypass 33 are set
to the open state; dehumidification changer 34, to the closed
state; auxiliary heater 27 and preheater 28, to the stop state;
and air supply open/close device 24 and exhaust open/close
device 30, to the open state.

[0107] Reirigerant circuit 39 stops compressor 40 to pre-
vent a refrigerant from flowing, and thus flow path changing,
valve 42, expansion mechamism 41, open/close mechanism
48, refrigerant heater umit 47, first open/close valve 45, and
second open/close valve 46 are all set to the stop state.

[0108] In an intermediate season (e.g. spring, autumn) 1n
this state, for instance, exhaust fan 14 operates at “weak
notch™, which causes air 1n indoor space 1 containing such as
VOC generated from building materials and furniture to pass
through a hallway and/or the undercut of a door. Then, the air

[
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travels through air inlet 16 of grill 15 placed 1n the ceiling of
sanitary space 6, exhaust air path 20, mainly exhaust bypass
33 1n the open state, exhaust open/close device 30, exhaust
connection unit 19, exhaust duct 9, and exhaust outlet 8, and
1s discharged to the outdoors. Meanwhile, as a result that air
supply fan 17 1s operated at “weak notch™, outdoor fresh air
enters air supply 1let 10 and passes through air supply duct
11, air supply connection unit 21 of body 7, air supply open-
ing and closing device 24, outdoor filter 25, and supply air
path 23. Then, the outdoor fresh air passes through mainly air
supply bypass 32 in the open state, air outlet connection unit
22, and air outlet duct 13, and 1s blown out from air outlet 12
into living room 2.

[0109] Inthis way, operating exhaust fan 14 and air supply
fan 17 at “weak notch” results in the air supply/exhaust opera-
tion 1 which a small volume of air in mndoor space 1 1s
discharged with extremely low power consumption and out-
door air 1s supplied.

[0110] Next, adescription 1s made of operation when the air
supply operation 1s performed. The operation 1s an operation
pattern 1n which indoor space 1 1s merely supplied with air
when outdoor air provides more comiortable temperature and
humidity or when outdoor air 1s cleaner than indoor. When the
air supply operation 1s performed, exhaust fan 14 is stopped;
air path changing/adjusting unit 31 is set to the air supply/
exhaust position (exhaust air path 20 and supply air path 23
are secured, the state shown 1n the figure); and air supply fan
17 1s operated at “weak notch” (low power consumption).

[0111] Aar supply bypass 32 and exhaust bypass 33 are set
to the open state; dehumidification changer 34, to the closed
state; auxiliary heater 27 and preheater 28, to the stop state;
and air supply open/close device 24 and exhaust open/close
device 30, to the open state.

[0112] Relfrigerant circuit 39 stops compressor 40 to pre-
vent the refrigerant from tlowing, and thus flow path changing
valve 42, expansion mechamsm 41, open/close mechanism
48, refrigerant heater unit 47, first open/close valve 45, and
second open/close valve 46 are all set to the stop state.

[0113] In an intermediate season (e.g. spring, autumn) in
this state, for instance, as a result that air supply fan 17 1s
operated at “weak notch”, outdoor fresh air enters air supply
inlet 10. Then, the outdoor fresh air passes through air supply
duct 11, air supply connection unit 21, air supply open/close
device 24, outdoor filter 25, and supply air path 23 of main
body 7; through mainly air supply bypass 32 in the open state;
through air outlet connection unit 22 and air outlet duct 13;
and then 1s blown out from air outlet 12 into living room 2.

[0114] In this way, operating air supply fan 17 at “weak
notch™ results 1n the air supply operation 1n which a small
volume of outdoor air 1s supplied with extremely low power
consumption.

[0115] Next, a description 1s made of operation when the
exhaust operation 1s performed. The operation 1s an operation
pattern 1n which sanitary space 6 1s merely exhausted such as
when the environment 1in mdoor space 1 1s not changed
largely. When the exhaust operation 1s performed, air supply
tan 17 1s stopped; air path changing/adjusting unit 31 1s set to
the air supply/exhaust position (exhaust air path 20 and sup-
ply air path 23 are secured, the state shown 1n the figure); and
exhaust fan 14 1s operated at “weak notch™ (low power con-
sumption).

[0116] Aiar supply bypass 32 and exhaust bypass 33 are set
to the open state; dehumidification changer 34, to the closed
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state; auxiliary heater 27 and preheater 28, to the stop state;
and air supply open/close device 24 and exhaust open/close
device 30, to the open state.

[0117] Relrigerant circuit 39 stops compressor 40 to pre-
vent the refrigerant from tlowing, and thus flow path changing
valve 42, expansion mechamsm 41, open/close mechanism
48, refrigerant heater unit 47, first open/close valve 435, and
second open/close valve 46 are all set to the stop state.
[0118] In an intermediate season (e.g. spring, autumn) 1n
this state, for instance, exhaust fan 14 operates at “weak
notch™, which causes air 1n indoor space 1 containing such as
VOC generated from building materials and furniture to pass
through a hallway and/or the undercut of a door. Then, the air
in indoor space 1 travels through air inlet 16 of grill 15 placed
in the ceiling of sanitary space 6, exhaust air path 20, mainly
exhaust bypass 33 in the open state, exhaust open/close
device 30, exhaust connection unit 19, exhaust duct 9, and
exhaust outlet 8, and 1s discharged to the outdoors.

[0119] In this way, operating exhaust fan 14 at “weak
notch” results 1n the air exhaust operation 1n which a small
volume of air 1n sanitary space 6 1s discharged with extremely
low power consumption.

[0120] Next, a description 1s made of operation when the
dehumidification operation 1s performed. The operation 1s an
operation pattern used when reheating and dehumidifying
indoor space 1 to improve comiort against high humidity
during a rainy season or against humidification by households
and to restrain mold on such as a wall surface. To perform the
dehumidification operation, exhaust fan 14 1s stopped; air
path changing/adjusting umt 31 1s set to the air supply/ex-
haust position” (exhaust air path 20 and supply air path 23 are
secured, the state shown 1n the figure). During the dehumidi-
fication operation, dehumidification changer 34 1s set to the
open state 1n which exhaust air path 20 communicates with
supply air path 23; air supply open/close device 24 and
exhaust open/close device 30 are set to the closed state; and
air supply fan 17 1s operated at “strong notch™.

[0121] Aar supply bypass 32 and exhaust bypass 33 are set
to the closed state; and auxiliary heater 27 and preheater 28,
to the stop state.

[0122] Reirigerant circuit 39 operates the compressor at a
frequency adjusted according to the temperature and humid-
ity of the air drawn 1nto indoor space 1; retains flow path
changing valve 42 to the heating state; and adjusts expansion
mechanism 41 to an appropriate degree of opening for an
optimum refrigeration cycle when needed. Open/close
mechanism 48 1s set to the open state, and thus the refrigerant
does not pass through capillary tube 49. Refrigerant heater
unit 47 1s set to the stop state; and first open/close valve 45 and
second open/close valve 46, to the closed state.

[0123] In this state, as a result that exhaust open/close
device 30 and air supply open/close device 24 are in the
closed state and dehumidification changer 34 1n the open
state, exhaust air path 20 1s 1n a negative pressure when air
supply fan 17 operates at “strong notch”. A large volume of
air containing much moisture 1 mdoor space 1 passes
through a hallway and/or the undercut of a door, and flows
into exhaust air path 20 from air inlet 16 of grill 135 placed 1n
the ceiling together with air in samitary space 6. After that, the
large volume of air containing much moisture in indoor space
1 1s heat-absorbed and dehumidified by the refrigerant at
fin-tube-type second heat exchanger 29 that has been changed
to a “vaporizer” by tlow path changing valve 42, and flows
into supply duct 23. Then the large volume of air containing
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much moisture in indoor space 1 1s heated at first heat
exchanger 26 that has been changed to a “condenser”. The
dehumidified air, being warmed, travels through air outlet
connection unit 22, air outlet duct 13, and 1s blown out from
air outlet 12 into living room 2.

[0124] The refrigerant 1s changed to a gas of moderately
high pressure and temperature by compressor 40 operating at
an appropriate frequency and is discharged to enter first heat
exchanger 26 through flow path changing valve 42. With
open/close mechanism 48 1n the open state, the refrigerant
discharges heat into a large volume of air (its temperature and
humidity have been lowered by second heat exchanger 29)
sent from 1ndoor space 1 to lower its temperature, changing
into a low-temperature liquid at first heat exchanger 26. Fur-
ther, the refrigerant 1s decompressed by expansion mecha-
nism 41 to enter a two-phase state with low pressure and low
temperature; absorbs heat from a large volume of air in indoor
space 1 at second heat exchanger 29, becoming a low-pres-
sure, low-temperature gas; and then returns to compressor 40.

[0125] Moisture 1n sanitary space 6 condenses mnto dew
condensation water on the fins of second heat exchanger 29
(1.e. “vaporizer”) and flows down to drain unit 35. The accu-
mulated dew condensation water 1s drained through drain
piping 37 to such as the outdoors and a catch basin by opera-
tion of drain pump 36.

[0126] Meanwhile, the insulation effect of heat insulator 38
around main body 7 prevents condensation and performance
deterioration.

[0127] Inthis way, as aresult that compressor 40 1s operated
at an appropriate frequency, the refrigerant circulates to first
heat exchanger 26 and second heat exchanger 29. As a result
that air supply fan 17 1s operated at “strong notch” with
exhaust open/close device 30 and air supply open/close
device 24 1n the closed state and with dehumidification
changer 34 in the open state, the dehumidification operation 1s
performed 1n which a large volume of air recovers heat when
indoor space 1 1s dehumidified and reheats indoor space 1.

[0128] Next, a description 1s made of operation when the
heating operation 1s performed. The operation 1s an operation
pattern used to improve comiort by heating indoor space 1
such as 1n winter or to reduce a heating load on air-conditioner
18. During the heating operation, air path changing/adjusting
umt 31 sets supply air path 23 and exhaust air path 20 to the
heating/cooling position at which air supplied from the out-
doors passes through first heat exchanger 26, and exhaust
from indoor space 1 passes through second heat exchanger
29. During the heating operation, exhaust fan 14 and air
supply fan 17 are operated at “strong notch”.

[0129] Aiar supply bypass 32, exhaust bypass 33, and dehu-
midification changer 34 are all set to the closed state; auxil-
1ary heater 27 and preheater 28, to the stop state; and air
supply open/close device 24 and exhaust open/close device
30, to the open state.

[0130] Reirigerant circuit 39 operates the compressor
while adjusting the frequency according to the temperature of
the air 1n 1ndoor space 1 and the outdoors; retains flow path
changing valve 42 to the heating state; and adjusts expansion
mechanism 41 to an appropriate degree of opening for an
optimum refrigeration cycle when needed. Open/close
mechanism 48 1s set to the open state, and thus the refrigerant
does not pass through capillary tube 49. Refrigerant heater
unmit 47 1s set to the stop state; and first open/close valve 45 and
second open/close valve 46, to the closed state.
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[0131] In this state, as a result that exhaust fan 14 1s oper-
ated at “strong notch”, a large volume of air in indoor space 1
passes through a hallway and/or the undercut of a door, and
through exhaust air path 20 from air inlet 16 of grill 15 placed
in the ceiling together with air in sanitary space 6. Then, the
air that has passed through exhaust air path 20 is heat-dis-
charged from the refrigerant compressed and conveyed by
compressor 40, at fin-tube-type first heat exchanger 26 (1.c.
“condenser”). The air that has been heat-discharged from the
refrigerant passes through air outlet connection unit 22 and
air outlet duct 13 by air path changing/adjusting unit 31 set to
the heating/cooling position, and 1s blown out from air outlet
12 into living room 2. Then, as a result that air supply fan 17
1s operated at “‘strong notch”, a large volume of outdoor air
enters air supply 1let 10 and passes through air supply duct
11, air supply connection unit 21 of main body 7, air supply
open/close device 24, outdoor filter 25, and supply air path 23.
The large volume of outdoor air 1s retained 1n the heating state
by air path changing/adjusting unit 31 set to the heating/
cooling position; heat-absorbed by the refrigerant at second
heat exchanger 29 that has been changed to a ““vaporizer”; and
discharged to the outdoors through exhaust open/close device
30, exhaust connection unit 19, exhaust duct 9, and exhaust
outlet 8.

[0132] The refnigerant 1s changed to a gas of high pressure
and temperature by compressor 40 operating at an appropri-
ate frequency, and 1s discharged to enter first heat exchanger
26 through flow path changing valve 42. With open/close
mechanism 48 1n the open state, the refrigerant discharges
heat into a large volume of air sent from indoor space 1 to
lower 1ts temperature at entire first heat exchanger 26, chang-
ing nto a low-temperature liquid. Further, the refrigerant 1s
decompressed by expansion mechanism 41 to enter a two-
phase state with low pressure and low temperature; absorbs
heat from a large volume of outdoor air at second heat
exchanger 29, becoming a low-pressure, low-temperature
gas; and then returns to compressor 40.

[0133] Outdoor moisture condenses 1nto dew condensation
water on the fins of second heat exchanger 29 (i.e. “vapor-
1zer’) and flows down to drain unit 35. The accumulated dew
condensation water 1s drained through drain piping 37 to such
as the outdoors and a catch basin by operation of drain pump

36.

[0134] Meanwhile, the insulation effect of heat insulator 38
around main body 7 prevents condensation and performance
deterioration.

[0135] Inthisway, asaresultthat compressor 40 1s operated
at an appropriate frequency, the refrigerant circulates to first
heat exchanger 26 and second heat exchanger 29. As a result
that air path changing/adjusting unit 31 is retained at the
heating/cooling position, and exhaust fan 14 and air supply
tan 17 are operated at “strong notch”, a large volume of air 1s
warmed, which results 1n the heating operation 1 which
indoor space 1 1s heated.

[0136] Further, auxihiary heater 27 can be switched
between on and ofl according to preferences of the user. For
instance, 1f the user feels a draft feeling and sets the system so
as to reduce the air volume of air supply fan 17, the refrigerant
discharges less heat as the air volume supplied to first heat
exchanger 26 decreases although drait feeling decreases,
which lowers the temperature of mndoor space 1 to 1mpair
comiortable feeling. If auxiliary heater 27 1s operated 1n such
a case, the air that has passed through first heat exchanger 26
1s further heated by auxiliary heater 27, and the high-tempera-

il
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ture air 1s supplied to indoor space 1, thereby suppressing a
decrease of the room temperature.

[0137] When outdoor air temperature 1s extremely low 1n
winter, the temperature of outdoor air supplied to second heat
exchanger 29 by exhaust fan 14 1s also low, and thus a frosting
phenomenon occurs in which frost forms on second heat
exchanger 29 while the above-described heating operation 1s
performed. If this frosting state 1s left, the amount of heat
discharge at first heat exchanger 26 decreases as the heat-
absorbing performance of second heat exchanger 29
decreases, resulting 1n indoor space 1 not adequately heated.
To suppress such a problem, defrosting operation 1 needs to
be performed in which the temperature of the refrigerant
piping ol second heat exchanger 29 i1s monitored by coil
temperature sensor 52 during the heating operation, and frost
formed on second heat exchanger 29 1s removed when the
temperature decreases below a predetermined level. Next, a

description 1s made of operation when defrosting operation 1
1s performed.

[0138] When performing defrosting operation during heat-
ing operation, exhaust fan 14 that has been operated at ““strong
notch™ and air supply fan 17 that has been operated at “pre-
determined notch™ are stopped, and flow path changing valve
42 that has been set to the heating state 1s changed to the
cooling operation. With such setting being made, a high-
temperature, high-pressure refrigerant compressed by com-
pressor 40 passes through tlow path changing valve 42 that
has been changed to cooling and 1s led to second heat
exchanger 29. As a result that this high-temperature refriger-
ant flows through the refrigerant piping of second heat
exchanger 29, the temperature of the piping rises to dissolve
frost formed on the surface. The dissolved frost becomes
drain water; drops down to drain unit 35; and 1s drained to
such as the outdoors and a catch basin through drain pump 36
and drain piping 37.

[0139] Meanwhile, the refrigerant that has discharged heat
and dissolved frost at second heat exchanger 29 flows through
expansion mechanism 41, first heat exchanger 26, and path
changing valve 42 1n sequence, and returns to compressor 40
to circulate 1n refrigerant circuit 39. If this defrosting opera-
tion 1 1s continued, the frost formed on second heat exchanger
29 dissolves completely and the temperature of the piping
continues to rise. This temperature of the piping is continu-
ously monitored by coil temperature sensor 52, and the pat-
tern 1s changed from defrosting operation 1 to the heating
operation again when the temperature of the piping rises
above a predetermined level. Then, operation of exhaust fan
14 that has been stopped 1s started at “strong notch”; the
temperature of the refrigerant 1s monitored by coil tempera-
ture sensor 51 placed on the piping at the liquid side of first
heat exchanger 26; and operation of air supply fan 17 1s also
started at “predetermined notch” when a certain level of tem-
perature 1s reached. This operation prevents the heating per-
formance from excessively deteriorating at low temperature,
allowing suificient heating.

[0140] If defrosting 1s needed when the outdoor tempera-
ture 1s extremely low or the temperature in indoor space 1 1s
low, instead of defrosting operation 1 in which heating opera-
tion 1s once stopped and frost 1s removed by changing to
defrosting operation, another defrosting operation 1s
requested 1n which frost formed on second heat exchanger 29
1s removed while continuing heating operation. Next, a
description 1s made of such defrosting operation 2.
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[0141] Indefrosting operation 2, exhaust fan 14, air supply
fan 17, compressor 40, flow path changing valve 42, open/
close mechanism 48, and the others all continue operation for
heating operation. Then, first open/close valve 45 and second
open/close valve 46 are changed from the closed state to the
open state; the electronic expansion valve of expansion
mechanism 41 1s set to the fully closed state; and preheater 28
and refrigerant heater unit 47 are respectively operated. As a
result that the settings are thus changed, a high temperature,
high-pressure reifrigerant compressed by compressor 40
passes through flow path changing valve 42 set to heating, and
with first open/close valve 45 having been changed to the
open state, the refrigerant 1s split into first heat exchanger 26
and first bypass circuit 43. The refrigerant diverted to {first
heat exchanger 26 discharges heat into the air in indoor space
1 supplied from air supply fan 17, and the air heated by the
heat discharge of the refrigerant circulates 1n indoor space 1 to
continue heating operation.

[0142] Meanwhile, as a result that the electronic expansion
valve as expansion mechanism 41 1s set to the fully closed
state, and second open/close valve 46 interposed 1n second
bypass circuit 44 1s set to the open state, all the refrigerant
flows through second bypass circuit 44 and flows 1nto refrig-
crant heater unit 47. Refrigerant heater unit 47 1s provided
with refrigerant heater 59 or refrigerant-water heat exchanger
66 as described above and heats the refrigerant to perform
heat-absorbing operation.

[0143] On the other hand, the high-temperature, high-pres-

sure refrigerant discharged from compressor 40 and diverted
to first bypass circuit 43 flows 1nto second heat exchanger 29.
As a result that exhaust fan 14 1s operated at ““strong notch”,
second heat exchanger 29 1s supplied with outdoor air through
air supply 1nlet 10 and air supply duct 11.

[0144] Then, the refrigerant that has dissolved frost at sec-
ond heat exchanger 29 merges with the refrigerant heated by
refrigerant heater unit 47 to returns to compressor 40 through
flow path changing valve 42. After the air supplied to second
heat exchanger 29 provides heat to the frost formed, the air 1s
discharged to the outdoors through exhaust duct 9. In this
way, second heat exchanger 29 can be defrosted while con-
tinming heating indoor space 1. Then, the temperature of the
piping of second heat exchanger 29 1s monitored by coil
temperature sensor 52 for a level higher than a predetermined
value, and when the temperature rises to the level, namely
when removing the frost completes, regular heating operation
1s resumed, allowing continuous heating operation without
impairing comiortable feeling of users.

[0145] Next, a description 1s made of operation when the
cooling operation 1s performed. The operation 1s an operation
pattern used to lower the temperature 1n indoor space 1 at high
temperature such as i summer to cool indoor space 1 for
comiort or to reduce a cooling load on air-conditioner 18. To
perform this cooling operation, air path changing/adjusting
unit 31 1s set to the heating/cooling position at which exhaust
air path 20 and supply air path 23 are arranged so that the air
supplied from the outdoors passes through {irst heat
exchanger 26 and exhaust from indoor space 1 passes through
second heat exchanger 29; and exhaust fan 14 and air supply
fan 17 are operated at “strong notch”.

[0146] Aarsupply bypass 32, exhaust bypass 33, dehumidi-
fication changer 34 are all set to the closed state; auxiliary
heater 27 and preheater 28, to the stop state; and air supply
open/close device 24 and exhaust open/close device 30, to the
open state.
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[0147] Relrigerant circuit 39 operates the compressor
while adjusting the frequency according to the temperature of
the air 1n 1ndoor space 1 and the outdoors; retains tflow path
changing valve 42 to the cooling state; and adjusts expansion
mechanism 41 to an appropriate degree of opening for an
optimum refrigeration cycle when needed. Open/close
mechanism 48 1s set to the open state, and thus the refrigerant
does not pass through capillary tube 49. Refrigerant heater
unmit 47 1s set to the stop state; and first open/close valve 45 and
second open/close valve 46, to the closed state.

[0148] In this state, as a result that air supply fan 17 is
operated at “strong notch”, a large volume of outdoor air
enters air supply 1let 10 and passes through air supply duct
11, air supply connection unit 21 of main body 7, air supply
open/close device 24, outdoor filter 25, and supply air path 23.
The large volume of outdoor air 1s retained 1n the cooling state
and absorbs heat from the refrigerant compressed and con-
veyed by compressor 40 at fin-tube-type second heat
exchanger 29 that has been changed to a “condenser”. Then,
the air 1s discharged to the outdoors through exhaust open/
close device 30, exhaust connection unit 19, exhaust duct 9,
and exhaust outlet 8 by air path changing/adjusting unit 31 set
to the heating/cooling position.

[0149] Meanwhile, as a result that exhaust fan 14 1s oper-
ated at “strong notch”, a large volume of air 1n indoor space 1
passes through a hallway and/or the undercut of a door, and
passes through exhaust air path 20 from air inlet 16 of grill 15
placed 1n the ceiling together with air in sanitary space 6.
Then, the air that has been heat-absorbed and cooled by the
refrigerant at first heat exchanger 26 that has been changed to
a “condenser” passes through air outlet connection umt 22
and air outlet duct 13 by air path changing/adjusting umt 31
set to the heating/cooling position, and 1s blown out from air
outlet 12 into living room 2.

[0150] Then, the refrigerant 1s changed to a gas of high
pressure and temperature by compressor 40 operating at an
appropriate frequency and 1s discharged to enter first heat
exchanger 29 through flow path changing valve 42, and dis-
charges heat 1into a large volume of outdoor air to lower 1ts
temperature. The refrigerant 1s decompressed by expansion
mechanism 41 to enter a two-phase state with low pressure
and low temperature, becoming a low-temperature liquid.
With open/close mechanism 48 1n the open state, the refrig-
erant absorbs heat from a large volume of air sent from 1ndoor
space 1 to lower 1ts temperature at entire first heat exchanger
26, becoming a low-pressure, low-temperature gas; and then

returns to compressor 40 through flow path changing valve
42.

[0151] Moaisture 1n indoor space 1 condenses mnto dew con-
densation water on the fins of first heat exchanger 29 (i.e.
“vaporizer”) and tlows down to drain umt 35. The accumu-
lated dew condensation water 1s drained through drain piping
377 to such as the outdoors and a catch basin by operation of
drain pump 36. Instead, the dew condensation water is
sprayed onto second heat exchanger 29 (1.e. “condenser”™),
and 1s vaporized and discharged when heat-exchanging the
outdoor air.

[0152] Meanwhile, the insulation effect of heat insulator 38
around main body 7 prevents condensation and performance
deterioration.

[0153] Inthis way, as aresult that compressor 40 1s operated
at an appropriate frequency, the refrigerant circulates to sec-
ond heat exchanger 29 and first heat exchanger 26. As a result
that air path changing/adjusting umt 31 1s retained at the
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heating/cooling position; and exhaust fan 14 and air supply
tan 17 are operated at ““strong notch”, a large volume of air 1s
cooled, which results in the cooling operation 1n which indoor
space 1 1s cooled.

[0154] Next, a description 1s made of operation when the
slightly dehumiditying heat-exchanging ventilation 1s per-
formed. The operation 1s an operation pattern for recovering
heat of air conditioned such as by air-conditioner 18 to a
refrigerant when supplying indoor space 1 with outdoor fresh
air while rapidly discharging smell and moisture in sanitary
space 6; and reheating and dehumidifying indoor space 1
while heating air supplied from the outdoor and sending the
air, to 1mprove comiort against high humidity during a rainy
season or against humidification by households and to
restrain mold on such as a wall surface.

[0155] During this operation, exhaust fan 14 and air supply
tan 17 are operated at “strong notch” while adjusting air path
changing/adjusting unit 31 to an appropriate degree of open-
ing between the heating/cooling position and the air supply/
exhaust position (the state shown 1n the figure). Then, adjust-
ment 1s made for each air volume of outdoor air passing
through first heat exchanger 26 and second heat exchanger
29; and that 1n indoor space 1. Here, the heating/cooling
position of air path changing/adjusting unit 31 refers a state in
which exhaust air path 20 and supply air path 23 are set so that
air from the outdoors passes through first heat exchanger 26;
and exhaust from indoor space 1, through second heat
exchanger 29. The air supply/exhaust position of air path
changing/adjusting unmit 31 refers a state 1n which exhaust air
path 20 and supply air path 23 are secured.

[0156] Aiar supply bypass 32, exhaust bypass 33, and dehu-
midification changer 34 are all set to the closed state; auxil-
1ary heater 27 and preheater 28, to the stop state; and air
supply open/close device 24 and exhaust open/close device
30; to the open state.

[0157] Reirigerant circuit 39 operates compressor 40 while
adjusting the frequency according to the temperature and
humidity of the air 1n indoor space 1 and the outdoors; retains
flow path changing valve 42 to the heating state; and sets
expansion mechanism 41 to the fully open state. Open/close
mechanism 48 1s set to the closed state and passes the refrig-
crant flow through capillary tube 49 to be decompressed; the
upstream side of first heat exchanger 26 from capillary tube
49 1s used as a “‘condenser”’; and the downstream, as a ““vapor-
1zer”. Relfrigerant heater unit 47 1s set to the stop state; and
first open/close valve 45 and second open/close valve 46, to
the closed state.

[0158] In thus state, as a result that air supply fan 17 is
operated at “strong notch”, a large volume of air in indoor
space 1 passes through a hallway and/or the undercut of a
door, and passes through exhaust air path 20 from air mnlet 16
of grill 15 placed in the ceiling together with air 1n sanitary
space 6. A large volume of outdoor air passes through air
supply duct 11. The air flows merge with their air volumes
adjusted by air path changing/adjusting unit 31 having been
set to “adjusting the degree of opening”. The air merged 1s
dehumidified at the downstream side from capillary tube 49,
of first heat exchanger 26 that has been set to the heating state
by tlow path changing valve 42 to become a “vaporizer”; and
reheated at the upstream side from capillary tube 49, of first
heat exchanger 26 that has become a “condenser”. The air
dehumidified and reheated 1s blown out from air outlet 12 into
living room 2 through air outlet connection unit 22 and air
outlet duct 13.
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[0159] Then, as a result that exhaust fan 14 1s operated at
“strong notch”, a large volume of outdoor air enters air supply
inlet 10 and passes through air supply duct 11, air supply
connection unit 21 of main body 7, air supply open/close
device 24, outdoor filter 25, and supply air path 23. Mean-
while, a large volume of air in indoor space 1 passes through
exhaust air path 20 from air inlet 16 of grill 15. The air flows
merge with their air volumes adjusted by air path changing/
adjusting unit 31 having been set to “adjusting the degree of
opening’. The air merged 1s heat-absorbed by the refrigerant
at second heat exchanger 29 retained 1n the heating state by
flow path changing valve 42 to become a “vaporizer”; and
discharged to the outdoors through exhaust open/close device
30, exhaust connection unit 19, exhaust duct 9, and exhaust
outlet 8.

[0160] The refrigerant 1s changed to a gas of high pressure
and temperature by compressor 40 operating at an appropri-
ate frequency and 1s discharged to enter first heat exchanger
29 through flow path changing valve 42. With open/close
mechanism 48 1n the closed state, the refrigerant discharges
heat 1nto a large volume of air in indoor space 1 and from the
outdoors, at the upstream side from capillary tube 49, of first
heat exchanger 26 to decrease its temperature, entering a
two-phase state with medium-low temperature. Further, the
refrigerant 1s decompressed at capillary tube 49, entering a
two-phase state with medium-low pressure and medium-low
temperature. Next, the refrigerant slightly absorbs heat from
a large volume of air in indoor space 1 and from the outdoors
at the downstream side of first heat exchanger 26 from cap-
illary tube 49, entering a two-phase state with medium-low
pressure and medium-low temperature. With decompression
mechanism 41 in the fully open state, the refrigerant 1s
slightly decompressed to enter second heat exchanger 29 (1.e.
“vaporizer”); further absorbs heat from a large volume of air
from the outdoors and indoor space 1, becoming a low-pres-
sure, low-temperature gas; and returns to compressor 40.

[0161] Moisture in mdoor space 1 and the outdoors con-
denses 1mto dew condensation water at the downstream part of
first heat exchanger 26 (1.e. ““vaporizer”) from capillary tube
49 and on the fins of second heat exchanger 29, and flows
down to drain unit 35. The accumulated dew condensation
water 1s drained through drain piping 37 to such as the out-
doors and a catch basin by operation of drain pump 36.

[0162] Meanwhile, the insulation effect of heat insulator 38
around main body 7 prevents condensation and performance
deterioration.

[0163] Inthis way, as aresultthat compressor 40 1s operated
at an appropriate frequency, the refrigerant circulates to the
upstream part of first heat exchanger 26 from capillary tube
49, capillary tube 49, the downstream part from capillary tube
49, and second heat exchanger 29. Air path changing/adjust-
ing unit 31 1s retained at “adjusting the degree of opening’;
and exhaust fan 14 and air supply fan 17 are operated at
“strong notch”, which results 1n the slightly dehumiditying
heat-exchanging ventilation, 1n which heat 1n indoor space 1
1s recovered to be reheated and dehumidified; and sanitary
space 6 1s exhausted and supplied with outdoor air.

[0164] Next, a description 1s made of operation when the
slightly heating heat-exchanging ventilation 1s performed.
The operation 1s an operation pattern for recovering heat of air
conditioned such as by air-conditioner 18 when supplying
indoor space 1 with outdoor fresh air while rapidly discharg-
ing smell and moisture in sanitary space 6; and heating indoor
space 1 while heating air supplied from the outdoor and
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sending the air, to improve comiort in winter or to reduce a
heating load on air-conditioner 18.

[0165] During this operation, exhaust fan 14 and air supply
fan 17 are operated at “strong notch” while adjusting air path
changing/adjusting unit 31 to an appropriate degree of open-
ing between the heating/cooling position and the air supply/
exhaust position (the state shown 1n the figure). Then, adjust-
ment 1s made for each air volume of outdoor air passing
through first heat exchanger 26 and second heat exchanger
29; and that 1n indoor space 1. The other operation 1s the same
as that ol the heating. Here, the heating/cooling position of air
path changing/adjusting umt 31 refers a state 1n which
exhaust air path 20 and supply air path 23 are set so that air
from the outdoors passes through first heat exchanger 26 and
exhaust from indoor space 1 passes through second heat
exchanger 29. The air supply/exhaust position of air path
changing/adjusting unit 31 refers a state in which exhaust air
path 20 and supply air path 23 are secured.

[0166] Next, a description 1s made of operation when the
slightly cooling heat-exchanging ventilation 1s performed.
The operation 1s an operation pattern for recovering heat of air
conditioned such as by air-conditioner 18 when supplying
indoor space 1 with outdoor fresh air while rapidly discharg-
ing smell and moisture in sanitary space 6; and for cooling
indoor space 1 with the refrigerant absorbing heat from air
supplied from the outdoors, to improve comfort in summer or
to reduce a cooling load on air-conditioner 18.

[0167] During this operation, exhaust fan 14 and air supply
tan 17 are operated at “strong notch” while adjusting air path
changing/adjusting unit 31 to an appropriate degree of open-
ing between the heating/cooling position and the air supply/
exhaust position (the state shown 1n the figure). Then, adjust-
ment 1s made for each air volume of outdoor air passing
through first heat exchanger 26 and second heat exchanger
29; and that 1n indoor space 1. The other operation 1s the same
as that of the cooling. Here, the heating/cooling position of air
path changing/adjusting umit 31 refers a state 1n which
exhaust air path 20 and supply air path 23 are set so that air
from the outdoors passes through first heat exchanger 26 and
exhaust from indoor space 1 passes through second heat
exchanger 29. The air supply/exhaust position of air path
changing/adjusting unit 31 refers a state in which exhaust air
path 20 and supply air path 23 are secured.

[0168] With the configuration and operation described
hereinbelore, the ventilating air-conditioning system accord-
ing to the embodiment of the present invention presents the
following eflects.

[0169] The system transfers air through a reirnigerant
between first heat exchanger 26 and second heat exchanger
29; and heats or cools outdoor air to supply indoor space 1
with the air by air supply fan 17 while discharging air in
bathroom 3 by exhaust fan 14. This operation prevents out-
door air not conditioned from flowing into indoor space 1,
thereby improving comiort, preventing mold from growing,
due to condensation near a natural air inlet, and preventing a
wall surface from becoming dirty due to dust 1n outdoor air.
Further, with heat exchange between air and the refrigerant by
the heat exchanger, saving energy 1s totally achieved includ-
ing reducing running costs of air-conditioner 18. The low
pressure loss of the heat exchanger increases the air volume
for ventilating.

[0170] Aar path changing/adjusting unit 31 adjusts each
amount of outdoor air passing through first heat exchanger 26
and second heat exchanger 29; and that 1n the sanitary space
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to balance each amount of ventilation air, exhaust, and supply
air according to environmental conditions such as indoor and
outdoor temperature, indoor and outdoor humidity, and the
pollution level of indoor air. This operation allows supplying
indoor space 1 with air while ventilating sanitary space 6,
which allows air-conditioning with low energy.

[0171] The system sets air supply bypass 32 of {first heat
exchanger 26 and exhaust bypass 33 of second heat
exchanger 29 to the open state during ventilation to supply
and discharge air between indoor space 1 and the outdoors
without passing part of air in the outdoors and sanitary space
6 through first heat exchanger 26 and second heat exchanger
29. This operation allows supplying indoor space 1 with air
and exhausting sanitary space 6 with lower power for the
same air volume of supply and exhaust.

[0172] The system changes the air path so that air drawn
from sanitary space 6 1s cooled at second heat exchanger 29;
reheated at first heat exchanger 26; and blown out into indoor
space 1, thereby reducing temperature changes in indoor
space 1 and dehumidifying indoor space 1 while reducing
heat flowing out to the outdoors.

[0173] Flow path changing valve 42 changes the direction
in which the refrigerant flows, which allows switching
between heating and cooling 1n 1ndoor space 1.

[0174] The system operates so that airr drawn from the
outdoors 1s cooled at the downstream side of first heat
exchanger 26 from decompression unit 30, reheated at the
upstream side from decompression unit 30, and then blown
out into indoor space 1, which allows dehumidifying indoor
space 1 without excessively decreasing the temperature 1n
indoor space 1 while introducing outdoor fresh air into indoor
space 1.

[0175] When heating, cooling, or dehumidifying indoor
space 1, the system increases the air volume of air supply fan
17 or exhaust fan 14, unlike when ventilating sanitary space 6,
thereby increasing the performance of recovering heat, and
ventilating and air-conditioning with lower power consump-
tion.

[0176] Air conditioned by air-conditioner 18 placed at a
location other than sanitary space 6 enters air inlet 16 to
sanitary space 6, and the heat of the air 1s recovered. Hence,
heat 1s used of the air blown out from air-conditioner 18 more
cificient than the ventilating air-conditioning system, thereby
downsizing the heat exchanger inside main body 7 and saving
energy during air-conditioning operation.

[0177] Drainunit 35 arranged under supply air path 23 and
exhaust air path 20 reliably disposes of dew condensation
water generated 1n the air path; condensate water from the
heat exchanger tlows to a single drain outlet to improve work-
ability. Further, an increased amount of water allows the
water to flow into the drain outlet smoothly to prevent
retained water from developing bacteria.

[0178] Operating drain pump 36 allows condensate water
or dew condensation water to be drained to a position higher
than drain unit 35, thereby enabling the system to be con-
structed where the drain cannot be sloped adequately due to a
small roof space.

[0179] Insulating around supply air path 23 and exhaust air
path 20 with heat insulator 38 prevents heat from leaking
while preventing condensation from forming on the outer
shell of main body 7 of the ventilating air-conditioning sys-
tem, thereby further saving energy.

[0180] The 1nside of main body 7 of the ventilating air-
conditioning system placed such as 1n the roof space of bath-
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room 3 contains all of compressor 40, first heat exchanger 26,
expansion mechanism 41, and second heat exchanger 29
composing refrigerant circuit 39 to save space and to improve
workability.

[0181] Auxiliary heater 27 heats at least part of the air sent
by air supply fan 17, thereby covering deficiency in the heat-
ing performance 1n a low-temperature environment.

[0182] Preheater 28 preheats air before being supplied to
second heat exchanger 29, thereby restraining the heating
performance from decreasing 1n a low-temperature environ-
ment and second heat exchanger 29 from being frosted, as
well as removing frost formed.

[0183] When frost forms on first heat exchanger 26 or sec-
ond heat exchanger 29 at low temperature, the system
changes flow path changing valve 42 according to the tem-
perature of a refrigerant monitored by coil temperature sen-
sors 51, 52, thereby removing frost formed.

[0184] When frost forms on second heat exchanger 29 at
low temperature, the system opens the high- and low-pressure
sides of refrigerant circuit 39 through first bypass circuit 43
and second bypass 44 to allow a high-temperature refrigerant
to circulate to second heat exchanger 29; or increases the
refrigerant pressure in second heat exchanger 29, thereby
removing frost formed.

[0185] Relrigerant heater unit 47 1s interposed in refriger-
ant circuit 39 1n series or parallel with second heat exchanger
29; and refrigerant heater umt 47 1s activated when the heat-
absorbing performance decreases such as due to frost forming
on second heat exchanger 29, thereby securing the heat-ab-
sorbing performance to maintain the heating performance.

[0186] Relrigerant heater unit 47 includes refrigerant
heater 59 heating a reirigerant electrothermally, thereby
downsizing refrigerant heater unit 47.

[0187] Relrigerant heater unit 47 includes refrigerant-wa-
ter heat exchanger 66 heating a refrigerant by heat exchange
with hot water from water heater 67, thereby reducing power
usage at reirigerant heater unit 47.

[0188] Using hot water heated by a heat pump water heater
for hot water to be supplied to refrigerant-water heat
exchanger 66 further reduces power usage at relrigerant
heater unit 47.

[0189] When draining hot water that has undergone heat
exchange with a refrigerant by reifrigerant-water heat
exchanger 66, a drain path 1s used for draining dew conden-
sation water generated in first heat exchanger 26 and/or sec-
ond heat exchanger 29, thereby simplifying construction
without increasing the number of drain paths.

[0190] Arrangement 1s made so that a refrigerant dis-
charges heat to normal-temperature water supplied to refrig-
crant-water heat exchanger 66 in case where the discharge
heat performance decreases at high temperature such as in
summer, thereby resolving deficiency in heat discharge to
maintain the cooling performance.

[0191] The above description 1s made only for one embodi-
ment of the present mvention, which i1s not limited to the
above embodiment.

[0192] Forinstance, 1nthe above-described embodiment of
the present invention, mdoor space 1 to be air-supplied and
air-conditioned 1s living room 2; sanitary space 6 having air
outlet opening 1s bathroom 3; however, a space to be air-
supplied and air-conditioned and a space having an air outlet
opening are not limited to the above, but may be any space as
long as 1t 1s partitioned within indoor space 1. For instance, a
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space air-supplied and air-conditioned may be a hallway; a
space having an air outlet opening, washroom 4.

[0193] In the above-described embodiment of the present
invention, air outlet 12 and air inlet 16 respectively open to
living room 2 and bathroom 3 one each; however, the numbers
of air outlets 12 and air inlets 16 are not limited to the above
case. For istance, two air outlets 12 may open to living room
2 and a hallway.

[0194] In the above-described embodiment of the present
invention, air inlet 16 for exhausting 1s a cassette-type one
provided 1n grill 15 of main body 7; however, it may be a
concealed type one in which a duct is connected to air inlet 16
of main body 7, the end of the duct 1s connected to another air
inlet 1n the ceiling of a space to be exhausted, and main body
7 1s concealed 1n the roof space.

[0195] In the above-described embodiment of the present
invention, refrigerant circuit 39 i1s provided with two-series
bypass circuits (first bypass circuit 43 and second bypass
circuit 44); however, 1t may be provided with one-series
bypass circuit.

[0196] In the above-described embodiment of the present
invention, refrigerant heater unit 47 1s placed 1n parallel with
second heat exchanger 29; however, 1t may be interposed 1n
series with second heat exchanger 29 within refrigerant cir-
cuit 39.

[0197] In the above-described embodiment of the present
invention, the configuration 1s shown in which first open/
close valve 45 and second open/close valve 46 are changed
between the two levels (open and closed); however, the open/
close valve may be any type as long as 1t opens and closes a
bypass circuit such as an electronic expansion valve.

[0198] In the above-described embodiment of the present
invention, the configuration 1s shown in which open/close
mechanism 48 1s placed 1n parallel with capillary tube 49 as a
decompression unit; however, the decompression unit may be
any type as long as 1t can change the decompression action
such as a type with an electronic expansion valve interposed.
[0199] In the above-described embodiment of the present
invention, two types of configurations (1.e. refrigerant heater
59 and refrigerant-water heat exchanger 66) are shown as a
concrete configuration of refrigerant heater unit 47; however,
refrigerant heater unit 47 may be any type as long as 1t can
heat a refrigerant, not limited to the above-described two

types.
[0200] In the above-described embodiment of the present

invention, the configuration 1s shown 1n which the piping at
the water side of refrigerant-water heat exchanger 66 1s sup-
plied with hot water from a combustion water heater or heat
pump water heater; however, the piping may be supplied with
high-temperature water (e.g. 40° C. to 90° C.) or normal-
temperature feed water (e.g. 1° C. t0 40° C.), not limited to hot
water from a combustion water heater or heat pump water
heater. Any type of water may be used such as hot water or
teed water from a gas water heater, electricity water heater,
kerosene water heater; circulating water such as for heating
floors; normal-temperature city water; or water left in the

bathtub.

[0201] In the above-described embodiment of the present
invention, the motor of air supply fan 17, exhaust fan 14, or
compressor 40 1s not particularly mentioned (e.g. AC or DC);
however, a DC motor particularly saves energy.

[0202] In the above-described embodiment of the present
invention, compressor 40 has two rotors and 1s placed 1n the
horizontal position; however, compressor 40 may be scroll-
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type as long as it 1s low-vibration type, and may be placed in
a vertical position as long as 1t 1s low-profile type.

[0203] In the above-described embodiment of the present
invention, the configuration 1s shown in which main body 7 1s
suspended 1n the roof space of bathroom 3 for installation;
however, 1t may be installed at any location and 1n any way as
long as a space for installing the main body, maintainability,
sound 1nsulation, and vibration insulation are secured. For
instance, floor-standing main body 7 may be placed 1n an
indoor or outdoor machine room or embedded 1n a wall sur-
face.

INDUSTRIAL APPLICABILITY

[0204] As described above, a ventilating air-conditioning
system according to the present invention saves space and
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improves workability; and recovers heat from the air while
rapidly discharging a large volume of air contaiming moisture
and smell generated from a sanitary space. The system air-
conditions an indoor space while supplying outdoor fresh air
to allow air-conditioning with low energy consumption while
improving air quality. Consequently, besides ventilating a
sanitary space and air-supplying/air-conditioming an indoor
space, the invention 1s applicable to a ventilating, air-supply-

ing, and air-conditioning system for a living space such as a
living room, bedroom, kitchen, and washroom; an uninhab-
itable space such as a closet, undertloor, and storage; and a

nonresidential space such as an oflice, meeting room, and
warehouse.

TABL

L1l
[

Operation pattern

Alr

Heat-exchanging supply/ Air

ventilate exhaust supply Exhaust Dehumidify Heat
Strong notch Weak  Stop Weak Stop Strong
notch notch notch
Alr supply/ Alr Alr Alr Ailrsupply/  Heat/cool
exhaust position  supply/ supply/ supply/ exhaust position
exhaust exhaust exhaust position
position position position
Strong notch Weak  Weak  Stop Strong Strong
notch  notch notch notch
Lowest Hz Stop Stop Stop Adjust Hz Adjust
Hz
Heat or cool Stop Stop Stop Heat Heat
Adjust degree of  Stop Stop Stop Adjust Adjust
opening degree of degree of
opening opening
Closed Open Open Open Closed Closed
Closed Open Open Open Closed Closed
Closed Closed Closed Closed Open Closed
Stop Stop Stop Stop Stop Stop
Stop Stop Stop Stop Stop Stop
Stop Stop Stop Stop Stop Stop
Open Open Open Open Closed Open
Open Open Open Open Closed Open
Operate Stop Stop Stop Operate Operate
Open Stop Stop Stop Open Open
Closed Stop Stop Stop Closed Closed
Closed Stop Stop Stop Closed Closed
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TABLE 2
Operation pattern

Slightly

dehumidifying  Slightly Slightly

heat- heating cooling

exchanging heat-exchanging  heat-exchanging
Defrost 1  Defrost2 Cool ventilate ventilate ventilate
Stop Strong Strong Strong Strong notch Strong

notch notch notch notch

Heat/cool Heat/cool Heat/cool Adjust Adjust Adjust
position position position degree of degree of degree of

opening opening opening
Stop Strong Strong Strong Strong notch Strong

notch notch notch notch

Adjust Hz Adjust Hz Adjust Hz Adjust Hz Adjust Hz Adjust Hz
Cool Heat Cool Heat Heat Cool
Adjust Fully Adjust Fully open Adjust Adjust
degree of closed degree of degree of degree of
opening opening opening opening
Closed Closed Closed Closed Closed Closed
Closed Closed Closed Closed Closed Closed
Closed Closed Closed Closed Closed Closed
Stop Operate Stop Stop Stop Stop
Stop Operate Stop Stop Stop Stop
Stop Operate Stop Stop Stop Stop
Open Open Open Open Open Open
Open Open Open Open Open Open
Operate Operate Operate Operate Operate Operate
Open Stop Stop Closed Open Open
Closed Open Closed Closed Closed Closed
Closed Open Closed Closed Closed Closed

1. A ventilating air-conditioning system comprising:
an air supply fan drawing 1n outdoor air through an air inlet

open to outdoors and blowing out the outdoor air
through an air outlet open to an indoor space;

an exhaust fan drawing in air 1n a samitary space through an

air inlet open to the sanitary space and blowing out t
air 1n the sanitary space through an air outlet opento t
outdoors:

a compressor compressing a refrigerant;

1C

1C

a first heat exchanger heat-exchanging between the out-
door air sent by the air supply fan and the refrigerant;

an expansion mechanism expanding the refrigerant;

a second heat exchanger heat-exchanging between air in
the sanitary space sent by the exhaust fan and the refrig-

erant; and

a refrigerant circuit piped so that the refrigerant circulates
in order of the compressor, the first heat exchanger, the
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expansion mechanism, and the second heat exchanger,
or in order ol the compressor, the second heat exchanger,
the expansion mechanism, and the first heat exchanger,

wherein the system heats or cools the indoor space while
ventilating the samitary space by transferring heat
between the first heat exchanger and the second heat

exchanger through the refrigerant.

2. The ventilating air-conditioning system of claim 1, fur-
ther comprising;:
a decompression unit decompressing the refrigerant at pip-
ing through which the refrigerant in the first heat
exchanger flows.
3. The ventilating air-conditioning system of claim 1,
wherein a larger volume of air 1s sent from the supply fan or
the exhaust fan when heating, cooling, or dehumiditying the
indoor space than when ventilating the sanitary space.
4. The ventilating air-conditioning system of claim 1,
wherein the idoor space 1s provided therein with an air-
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conditioner for controlling temperature of the indoor space,
and air in the sanitary space drawn into the air inlet 1s air
conditioned by the air-conditioner.

5. The ventilating air-conditioning system of claim 1, fur-

ther comprising:

an auxiliary heater heating at least part of the outdoor air
sent by the air supply fan.

6. The ventilating air-conditioning system of claim 1, fur-

ther comprising;:

a preheater preheating air drawn in from the sanitary space.

7. The ventilating air-conditioning system of claim 1, fur-

ther comprising;:

a coil temperature sensor detecting temperature of the
refrigerant 1n the first heat exchanger and the second heat
exchanger at a side of the expansion mechanism.

8. The ventilating air-conditioning system of claim 1, fur-

ther comprising:

a supply air path including an air supply connection unit
connected to an air supply duct communicating with the
air 1nlet, an air outlet connection unit connected to an
exhaust duct communicating with the air outlet, and the
first heat exchanger, and communicating between the air
supply connection unit and the air outlet connection
unit;

an exhaust air path including an exhaust connection unit
connected to an exhaust duct communicating with the
air outlet and the second heat exchanger, and communi-
cating between the exhaust connection unit and the air
inlet; and

an air path changing and adjusting unit communicating or
blocking between an upstream side of the first heat
exchanger and an upstream side of the second heat
exchanger, or adjusting an amount of communication.

9. The ventilating air-conditioning system of claim 8, fur-

ther comprising;:

an air supply bypass blowing out part of the outdoor air into
the indoor space, 1n the supply air path; and

an exhaust bypass discharging part of air in the sanitary
space 1nto the outdoors, 1n the exhaust air path.

10. The ventilating air-conditioning system of claim 8,

turther comprising;:

a dehumidification changer communicating or blocking
between a downstream side of the second heat
exchanger and a downstream side of the first heat
exchanger, or adjusting an amount of communication, 1n
the exhaust air path.

11. The ventilating air-conditioning system of claim 8,

turther comprising:

a drain unit draining or vaporizing dew condensation water
generated 1n the first heat exchanger and the second heat
exchanger, at bottoms of the supply air path and the
exhaust air path.

12. The ventilating air-conditioning system of claim 11,

turther comprising;:

a drain pump draining water stored 1n the drain unit.
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13. The ventilating air-conditioning system of claim 8,
wherein the supply air path and the exhaust air path including
outer shells thereof are heat-insulated.

14. The ventilating air-conditioning system of claim 1,
turther comprising:

a flow path changing valve changing a tlow direction of the
refrigerant from order of the compressor, the first heat
exchanger, the expansion mechanism, and the second

heat exchanger, to order of the compressor, the second

heat exchanger, the expansion mechanism, and the first
heat exchanger.

15. The ventilating air-conditioning system of claim 14,
wherein the refrigerant circuit includes:

a first bypass circuit splitting from piping connecting the
flow path changing valve to the first heat exchanger, and
joining piping connecting the expansion mechanism to
the second heat exchanger; and

a second bypass circuit splitting from piping connecting,
the first heat exchanger to the expansion mechanism,
and joming piping connecting the second heat
exchanger to the flow path changing valve,

wherein the first bypass circuit includes a first open and
close valve opening and closing the first bypass circuit,
and the second bypass circuit includes a second open
and close valve opening and closing the second bypass
circuit.

16. The ventilating air-conditioning system of claim 135,
turther comprising:

a refrigerant heater unit heating a refrigerant in the second
bypass circuit 1n series or parallel with the second heat
exchanger.

17. The ventilating air-conditioning system of claim 16,
wherein the relfrigerant heater unit 1s a refrigerant heater
heating the refrigerant by making an electrothermal tube gen-
crate heat.

18. The ventilating air-conditioning system of claim 16,
wherein the refrigerant heater unit 1s a refrigerant-water heat
exchanger with a refrnigerant pipe line, through which the
refrigerant flows, iside a hot-water pipe line through which
hot water flows.

19. The ventilating air-conditioning system of claim 18,
wherein hot water used for the relrigerant-water heat
exchanger 1s heated by a heat pump water heater.

20. The ventilating air-conditioning system of claim 18,
wherein the hot water 1s drained through the drain unat.

21. The ventilating air-conditioning system of claim 18,
wherein the refrigerant-water heat exchanger 1s supplied with
normal-temperature water.

22. The ventilating air-conditioning system of claim 19,
wherein the hot water 1s drained through the drain unat.
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